To investigate the efficacy and safety of umbilical cord blood (UCB) infusion (UCBI) plus immunosuppressive therapy (IST) treatment in comparison to IST treatment, as well as predictive factors for clinical responses, in severe aplastic anemia (SAA) patients. Materials and Methods: Totally, 93 patients with SAA were enrolled in this cohort study. In the IST group, rabbit antithymocyte globulin (r-ATG) combined with cyclosporine A (CsA) was administered, while in the IST+UBCI group, r-ATG, CsA, and UCB were used. Results: After 6 months of treatment, UCBI+IST achieved a higher complete response (CR) rate (p=0.002) and an elevated overall response rate (ORR) (p=0.004), compared to IST. Regarding hematopoietic recovery at month 6, platelet responses in the UCBI+IST group were better than those in the IST group (p=0.002), and UCBI+IST treatment facilitated increasing trends in absolute neutrophil count (ANC) response (p=0.056). Kaplan-Meier curves illuminated UCBI+IST achieved faster ANC response (p<0.001) and platelet response (p<0.001), compared with IST therapy. There was no difference in overall survival (OS) between the two groups (p=0.620). Furthermore, logistic regression analysis demonstrated that UCBI+IST was an independent predicting factor for both CR (p=0.001) and ORR (p<0.001), compared to IST; meanwhile, very severe aplastic anemia (VSAA) and ANC could predict clinical responses as well. However, Cox proportional hazard regression indicated that VSAA (p=0.003), but not UCBI+IST, affected OS. Safety profiles showed that UCBI+IST therapy did not elevate adverse events, compared with IST treatment. Conclusion: UCBI+IST achieved better clinical responses and hematopoietic recovery than IST, and was well tolerated in SAA patients.
INTRODUCTION
Aplastic anemia (AA), characterized by hemorrhages, anemia, and infections, is a prototype of bone marrow failure caused by destruction of hematopoietic progenitor or stem cells. 1, 2 According to the severity of marrow failure and clinical course, AA is categorized into non-severe AA and severe aplastic anemia (SAA). Despite much improvement in the diagnosis and treatment of AA, which has increased treatment response and prolonged long-term survival, SAA is still a life-threatening disease due to its sudden onset, rapid disease progression, and lack of efficacy for conventional treatments. [3] [4] [5] Accumulating evidence suggests that bone marrow transplantation (BMT) is the first option of treatment for SAA patients at most medical institutions, although only a small quantity of patients has human leukocyte antigen (HLA)-matched sibling donors, limiting its application. 5, 6 Nowadays, immunosuppressive therapy (IST), usually referred to as antithymocyte globulin (ATG) combined with cyclosporine A (CsA), is primarily used for pharmacotherapy of SAA, facilitating a hematologic recovery in 60−80% of untreated SAA patients. 6, 7 Nevertheless, 20−40% patients still present with a sufficient response to initial courses of IST therapy; almost 40% patients relapse. 1, 8, 9 As a result, more novel and effective treatment options are needed.
Umbilical cord blood (UCB), as first adopted in the treatment of Fanconi anemia in 1989, has been widely used in various hematological diseases. UCB contains abundant hematopoietic stem cells (HSCs), providing durable engraftment and offering the patients without matched sibling donor an alternative stem cell source. [10] [11] [12] As early as 1994, Auerbach 13 improved the application of UCB on Fanconi anemia disease. In other research, transplantation derived from unrelated UCB has achieved favorable effects in acute leukemia, and is likely to decrease the risk of graft-versus-host disease (GVHD), compared to adult bone marrow or peripheral blood stem cells. 14 Hence, we presumed that UCB would also offer benefits in SAA patients. Indeed, a recent study with 16 treatment-naïve SAA patients indicated that treatment combining UCB infusion (UCBI) and IST is effective and well tolerated. 2 However, the sample size was small and only treatment-naïve patients were recruited, thereby limiting the drawing of conclusion on the clinical efficacy and safety of UCBI treatment in SAA patients. Thus, this study enrolled 93 SAA patients, and aimed to investigate the efficacy and safety of UCBI plus IST treatment in comparison to IST treatment, as well as predictive factors for clinical response, in SAA patients.
MATERIALS AND METHODS

Participants
A total of 93 patients with SAA on admission at the Department of Hematology in Taihe Hospital Affiliated to Hubei University of Medicine between August 2008 and January 2012, were consecutively enrolled in this cohort study. The inclusion criteria were 1) diagnosis with SAA according to Camitta criteria, 15 2) starting or about to receive IST with or without UCBI, 3) age above 2 years, and 4) weight more than 12 kg. All 93 enrolled patients lacked HLA-matched bone marrow donors, and they were treated by UCBI+IST or IST therapy according to their actual conditions. Patients who had matched donors and were about to undergo BMT were not included in this study. Patients complicated with Fanconi anemia, heart failure, serious cardiac arrhythmias, coronary artery disease, or human immunodeficiency virus positive were excluded from this study. Pregnant or breast feeding women and cognitive impairment patients were excluded as well.
This study was approved by Ethics Committee of Taihe Hospital Affiliated to Hubei University of Medicine, and all patients signed informed consents. This study was conducted in line with the Declaration of Helsinki.
Treatments
Overall, 52 patients chose to be treated by IST, while 41 patients chose to be treated by UCBI+IST. This study was a cohort study without any interventions, and in total, 93 SAA patients received one of the two options according to their actual conditions or willingness. Thus, we divided them into UCBI+ IST and IST groups accordingly. In the UCBI+IST group, patients were treated by 2.5 mg/kg/day of rabbit ATG (r-ATG) from -5 to -1 day and 3-5 mg/kg/day of CsA from -1 day. The latter was continued to 2 years. At day 0 UCB was transfused. In the IST group, patients were treated with 2.5 mg/kg/day of r-ATG from day 1 to day 5 combined with 3-5 mg/kg/day of CsA from day 5 after enrollment. Patients in the IST group also received CsA for 2 years, and concentrations of CsA were monitored regularly in order to readjust the dose to maintain the trough level. Most patients were unavailable for BMT from matched donors due to high cost or lack of a matched donor, and patients who had matched donors and were about to undergo BMT were not included in this study. UCB used in this study was obtained from Hubei Cord Blood Bank.
The following complicated treatments were performed in the meantime: 1) All patients were set in laminar flow beds before and during the initiation of IST to prevent infection. 2) 0.5 mg-1.0 mg/kg of promethazine was injected intramuscularly in patients pre-ATG treatment and 1−2 mg/kg of glucocorticoids was given to prevent allergic reaction (with the dose tapering after 5 days of treatment). 3) Condensed erythrocyte infusion was performed when hemoglobin B (Hb) <60 g/L, and platelet infusion was performed when platelet <10×10 
Definitions, assessments and follow ups
SAA was diagnosed by Camitta criteria. 15 This comprised a bone marrow cellularity less than 30 percent (excluding lymphocytes) and at least two of the following: ANC less than 0.5× 10 9 cell/L, platelet count less than 20×10 9 cell/L, and absolute reticulocyte count less than 20×10 9 cell/L. While very severe aplastic anemia (VSAA) was defined as patients diagnosed as SAA with a ANC less than 0.2×10 9 /L. 16 The efficacy of treatment in our study was evaluated according to international Camitta criteria: 17 1) complete response (CR) (ANC >1.5×10 9 /L, Hb >110 g/L, and platelet count ≥150× 10 9 /L), 2) partial response (PR) (no longer meeting the criteria for SAA with no transfusion dependence for platelets or red blood cells), and 3) no remission (NR) (CR or PR not achieved). Overall response rate (ORR) was defined as the rate of CR+PR. CR, PR, ORR, and NR were assessed at 1, 3, and 6 months post treatment initiation.
The time to hematopoietic recovery was also evaluated, including ANC response (defined as ANC >0.5×10 9 /L at least three consecutive days), platelet response (platelet count >20× 10 9 /L), and Hb response (Hb >80 g/L at least three consecu-tive days). Chimerism was not included in this study. Overall survival (OS) of patients was calculated from the day starting treatment to the time of death by any cause or last-follow up. All patients were followed up for 5 years post initiation of treatment in this study by telephone or clinic visits; the last followup date was January 2017. Patients were regularly followed up every month (3−5 weeks) for the first six months, while most patients lived in other areas and returned to residences after 6 months. Thus, telephone call reviews were adopted to continue the follow up in the remaining 4.5 years. Safety profiles during the study duration were evaluated at 6 months after treatment. 
Statistics
RESULTS
Baseline characteristics
Baseline characteristics of the patients are presented in Table  1 . No differences were found in age (p=0.712) and gender (p= 0.883) between the two groups. There were 14 males and 27 females in UCBI+IST group, with a mean age of 29.95±13.11 years (range: 9−51 years), and 17 males and 35 females in the IST group, with mean age of 28.77±16.79 years (range: 5−60 years). Interval from first diagnosis to IST treatment was markedly longer in the UCBI+IST group than in the IST group (p< 0.001). Body mass index and platelet counts in the UCBI+IST group were both numerically lower than those in IST group, although differences were not statistically significant (p=0.095 and p=0.068). No differences were found in other baseline characteristics between the two groups.
Clinical efficacy by UCBI+IST and IST treatment
As disclosed in Fig. 1 
Hematopoietic recovery rate in UCBI+IST and IST groups
There were 33, 35, and 30 patients in the UCBI+IST group with ANC ≤0.5×10 9 cell/L, platelet ≤20×10 9 cell/L, and hemoglobin ≤80 g/dL at baseline, respectively, while the numbers were 48, 35, and 41 in the IST group. As shown in Table 2 , after 6 months of treatment, platelet response rate in the UCBI+IST group (86%) was higher than in the IST group (51%, p=0.002). Meanwhile, UCBI+IST treatment achieved an increased trend in ANC responses, compared to IST therapy, although without significance (100% vs. 90%, p=0.056). No significant difference was observed in hemoglobin responses between the UCBI+ IST and IST groups (83% vs. 68%, p=0.150).
Time to hematopoietic recovery in UCBI+IST and IST groups
In order to evaluate the differences in time to hematopoietic recovery between the UCBI+IST and IST groups, K-M curves and log-rank test were performed, which indicated that UCBI+ IST achieved faster ANC responses (p<0.001) ( Fig. 2A ) and platelet responses (p<0.001) (Fig. 2B ), compared with IST treatment. While hemoglobin response was only observed to be numerically achieved more rapidly in the UCBI+IST than in the IST group, the difference lacked significance (p=0.079) (Fig. 2C) .
OS analysis between UCBI+IST and IST treatment
UCBI+IST realized a 5-year survival rate of 82.9%, compared to 78.8% in the IST group. K-M curves were drawn to analyze differences in OS for UCBI+IST treatment and IST treatment, although no difference was discovered, as presented in Fig. 3 (p=0.620).
Analysis of factors affecting CR
Factors affecting CR were assessed by univariate logistic regression (Table 3) , which indicated that UCBI+IST treatment achieved a higher CR than IST treatment (p=0.003). VSAA and ANC were also predictive factors predicting CR (p=0.001 and p=0.010). All factors with a p value <0.1 were subsequently analyzed by a multivariate model, which indicated that UCBI+IST treatment is an independent factor for predicting better CR, compared with IST treatment (p=0.001). Moreover, VSAA was found to predict worse CR independently (p=0.004).
Analysis of factors affecting ORR
As for the factors affecting ORR, univariate logistic regression results in Table 4 showed that UCBI+IST treatment is a predictive factor for achieving ORR (p=0.005), while VSAA was a predictive factor for absence of ORR (p=0.002). All factors with a p value <0.1 was subsequently analyzed by multivariate mod-el. UCBI+IST was demonstrated to be an independent factor, which endowed the patients with more of a possibility to obtain ORR (p<0.001), as did platelet counts (p=0.012). Meanwhile VSAA was identified as an independent factor related to a lower possibility of ORR (p=0.001).
Analysis of factors affecting OS
In the univariate Cox proportional hazards regression analysis, as shown in Table 5 , UCBI+IST treatment did not affect OS, compared with IST treatment (p=0.623). Patients with VSAA were associated with worse OS (p=0.005). Factors with a p value <0.1 was subsequently analyzed by multivariate model, and VSAA was proven to be an independent predicting factor for worse OS (p=0.003).
Safety profiles of IST and UCBI+IST treatment
Safety profiles over the study duration were evaluated at 6 months after treatment, and adverse events, including infection, fever, hemorrhage, ATG-related serum disease, and rush, were all recorded and presented in Fig. 4 . We found no difference in infection (50% vs. 56%, p=0.559), fever (42% vs. 59%, p=0.120), hemorrhage (48% vs. 39%, p=0.383), ATG-related serum disease (29% vs. 32%, p=0.765), or rush (23% vs. 20%, p=0.678) between IST and UCBI+IST groups, indicating that the UCBI+IST therapy did not elevate adverse events, compared with IST treatment.
DISCUSSION
In our study, UCBI+IST treatment achieved a higher clinical response rate and realized a better hematopoietic recovery than IST treatment without elevated adverse effects. Meanwhile, logistic regression indicated that UCBI+IST (vs. IST) was an independent predictive factor for both higher CR and ORR.
IST, widely applied in various diseases, including kidney disease, inflammatory disease, etc., is commonly used in SAA treatment, especially for patients without suitable HLA donors. Although IST has been demonstrated to achieve a moderate clinical response rate, ranging from 60% to 80%, the treatment is still far from satisfactory due to its delayed acting, adverse effects, and high relapse rate. 1, 8, 9 Hence, novel treating options are greatly needed to improve prognosis in SAA patients, es- K-M curves analysis for days to ANC, platelet, and hemoglobin responses in the UCBI+IST and IST groups. K-M curves revealed that patients in the UCBI+IST group achieved faster ANC (A) and platelet (B) responses, compared to the IST group. While no difference was discovered in hemoglobin response (C). Differences between groups were detected by K-M curves and log-rank test. p<0.05 was considered significant. K-M, KaplanMeier; ANC, absolute neutrophil count; IST, immunosuppressive therapy; UCBI, umbilical cord blood infusion.
pecially for patients lacking efficacy or intolerance to IST. UCB, originating from residual blood in the umbilical cord of newborns, has been extensively used in hematologic diseases, such as acute leukemia, Fanconi anemia, and thalassemia profiting from its following features:
18-20 1) UCB consists of abundant HSCs that could generate healthy blood cells, contributing to reconstructing new hematopoietic systems. 6 2) UCB brings plentiful hematopoietic factors, such as Granulocyte-colony stimulating factor (G-CSF) and granulocyte-macrophage colony stimulating factor (GM-CSF), that could stimulate proliferation and differentiation of hematopoietic progenitors, consequently promoting hematopoiesis. [21] [22] [23] [24] 3) Colony forming unit-fibroblastic (CFU-F) in UCB, which plays a critical role in hematopoietic microenvironment, improves the recovery of hematopoiesis.
25-27 4) HSCs from UCB are characterized by weak antigenicity that decreases the risk of GVHD. 28 These findings confirm the utility of UCB in various hematologic diseases, and considering the pancytopenia syndrome as the key property of SAA, we hypothesized that UCB could realize a good efficacy in treating SAA patients.
Recently, some pilot studies have explored the effect of UCBI in SAA treatment. A small-sample pilot study including 16 SAA patients receiving UCBI+IST treatment revealed that 65% patients achieve CR after 12-month treatment. 2 Another cohort study enrolled 36 pediatric SAA patients treated by UCBI+IST, while a historic cohort of 20 SAA patients treated by IST served as a control. The study disclosed that UCBI+IST increases ORR at 3, 6, 9, and 12 months, compared to IST (61.1, 76.7, 80.5, and 86.2% in UCBI+IST group, and 20, 25, 45, and 55% in IST group, respectively). 3 Another cohort study recruited relative larger samples, with 62 SAA patients divided into UCBI+IST and non-subsampled contourlet transform (NSCT) groups, and showed UCBI+IST reached an equal ORR (69%), compared to NSCT (80%), after 6 months of therapy.
1 These indicated that UCBI+IST is effective in SAA treatment. As to our study, we observed UCBI+IST achieves elevated CR and ORR rates, compared to IST treatment, which is consistent with a previous study. 3 These results might have resulted from: 1) Although IST decreases abnormal immunity, the quantity of normal autologous HSCs in SAA patients was too small to recover the hematopoietic function effectively, and the UCBI provides abundant HSCs that improved this situation, thus leading to better treatment response. 29, 30 2) Immunology is not the only cause for SAA, thus some patients would lack efficacy with immunosuppressants. 31, 32 3) UCBI offers a large amount of G-CSF, GM-CSF, and CFU-F to increase the recovery of SAA. No difference in accumulating OS rates between the two groups was found. Differences between groups were detected by Kaplan-Meier curve and log-rank test. p<0.05 was considered significant. OS, overall survival; IST, immunosuppressive therapy; UCBI, umbilical cord blood infusion. It was noteworthy that intervals from first diagnosis to IST at baseline was longer in the UCBI+IST group than the IST group. The detailed reasons were as follows. Firstly, the interval from diagnosis to IST referred to the first diagnosis of AA. Most patients in our study had been diagnosed as AA in local hospitals with less experience with AA, while they developed SAA and were recruited in our study. Thus, the interval from the first diagnosis to IST might be much different among total patients. Secondly, this was a cohort study without any interventions, and patients received UCBI+IST or IST according to their actual conditions. We inferred that patients who experienced longer disease course might have severe disease conditions, and tended to receive UCBI+IST therapy. Thus, patients in the UCBI+IST group showed a longer interval from diagnosis to IST treatment at baseline. Although there was a difference in the interval from diagnosis to IST at baseline between the two groups, logistic regression was performed to assess the influence of this difference, which verified that the interval from first diagnosis to IST did not affect CR or ORR achievement, as well as OS. Moreover, regarding GVHD, it is a complication that happens in patients with graft, thus, GVHD could be observed only in the UCBI+IST group, whose comparison between two groups is not available. Meanwhile, the purpose of our study was to compare efficacy of UCBI+IST and IST in SAA patients; therefore, we did not perform analysis of GVHD. Cyclophosphamide, which is used in the conditioning followed by UCBI in similar previous studies, is not recommended by Chinese Guidelines for the Diagnosis and Management of Aplastic Anemia due to its high fatality rate and severe adverse events. 33 According to a previous study, which used a combination of ATG, CsA, danazol, and G-CSF as the conditioning for subsequent UCB transplantation in Japanese SAA patients, cyclophosphamide is also excluded due to its cardiotoxicity. 34 Hence, cyclophosphamide was not used in our study. As to hematopoietic recovery time of UCBI+IST treatment, a median day of 50 days and 57 days were found in platelet and hemoglobin recovery in the study by Yu, et al., 1 while Li, et al. 2 showed a median platelet recovery time for UCBI+IST of 37 days and a ANC recovery time of 23 days. In our study, a better and faster recovery time was observed for ANC and platelet counts in the UCBI+IST group, compared with the IST group. These might be on account of the following aspects: 1) UCB contains HSCs and hematopoietic factors, such as G-CSF and GM-CSF, the latter activate the production of blood cells and thus contribute to the recovery of hematopoiesis. 2) UCB provides CFU-F, which does not stimulate cells directly, but offers a suitable hematopoietic microenvironment for hematopoietic system reconstruction. 3) Better responses for ANC and platelet were observed in the UCBI+IST group than the IST group, while no superior response in Hb was observed. The reason for no superior response of Hb in the UCBI+IST group might be that IST contributes to the rapid resumption of erythropoietin, which promotes erythropoiesis, and thus leads to a remarkable increase of Hb. 35 Therefore, IST therapy plays a critical role in improving Hb level, and no difference in Hb recovery between the UCBI+IST group and IST group was found. Additionally, we found no differences in infection, fever, hemorrhage, ATGrelated serum disease, and rush between UCBI+IST treatment and IST treatment, which indicated UCBI+IST is well tolerated in SAA patients.
Our study had some limitations. 1) Interval from first diagnosis to IST treatment showed a marked difference between groups; however, we conducted multivariate logistic regression to minimize its influence. 2) Sample size was relatively small even though it was much larger than that in previous studies. 3) This study was conducted as a cohort study without randomization, in which some compounding factors might exist. 4) Detailed information on relapse, response, safety, or treatment-related immunologic complications after 6 months was not provided in this study. The reasons for this were as follows: Firstly, considering the uncontrollability of follow up in the prospective study, we set 6 months after treatment as the primary endpoint, thus follow up in this study was regularly performed every month in each patient during the first 6 months. Meanwhile, follow up in the remaining 4.5 years was not standardized. Secondly, it was difficult to request all patients to return to our hospital after 6 months because most patients were from different areas and they came back to their residences after 6 months. Although we continued to perform follow up by telephone in the remaining 4.5 years, detailed information after 6 months was still not available to collect due to missed calls or calls that were not answered by patients themselves. Moreover, events of relapse or treatment-related complications were not evaluated in local. Furthermore, we have tried again to communicate with patients to collect more follow-up information, while limited information on response rate or hematopoietic recovery were obtained from the patients' answers. Therefore, the long-term information about relapse, response, safety, or treatment-related immunologic complications could not be provided. According to a previous study, which evaluated the efficacy of UCBI+IST and IST therapies at 3, 6, 9, and 12 months in SAA patients with small sample size (n=36), UCBI+IST therapy showed superior efficacy at 3 months after treatment, and this superiority for UCBI+IST was still observed in the remaining observation period, including 6, 9, and 12 months. 3 Based on these results, although our study lacked comparison of efficacy and safety between two groups after 6 months, we inferred that the superiority of UCBI+IST in 6-month efficacy in our study would continue in prolonged observation. Hence, evaluations in our study were able to differentiate efficacy and safety between the two therapies. 5) This was a cohort study without any interventions, and all treatments, as well as examinations, were performed according to patients' actual conditions or their willingness. As to chimerism examination, it is not a routine examination in our hospital, and only nine of 93 patients finished chimerism examination. Thus, the data of chimerism was unavailable in our study. Moreover, according to previous studies, although SAA patients finish chimerism exanimation, failure to produce abundant blood cells still occurs, suggesting that response of blood cells might be more sufficient evidence of successful hematopoietic reconstruction. 36, 37 Therefore, despite analysis of chimerism data was not performed in our study, we finished the examination of blood cells responses, which also could assess the hematopoietic reconstruction.
In summary, this study indicated that UCBI+IST achieves better clinical responses and hematopoietic recovery, compared to IST, and is well tolerated in SAA patients. Comparison of adverse events between IST and UCBI+IST treatments. No differences were observed in infection, fever, hemorrhage, ATG-related serum diseases, and rush between IST and UCBI+IST groups. Differences between groups were evaluated by chi-square test. p<0.05 was considered significant. IST, immunosuppressive therapy; UCBI, umbilical cord blood infusion; ATG, antithymocyte globulin.
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